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(54) SOLID ELECTROLYTE FUEL CELL AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To maintain airtightness by suppressing 
the development of thermal stress at the sealing portion of a battery 
cell and a separator, and enchanting the chemical stability of the 
sealing portion in a flat type solid electrolyte fuel cell. 
SOLUTION: A process forming a sealing portion sealing the boundary 
face end portion of a battery cell 20 and a separator 15 comprises a 
process in which aluminum metal powder and oxide ultra fine powder 
having a higher melting point that the operation temperature of a solid 
electrolyte fuel cell are mixed, and an additional auxiliary agent and a 
binder are added so as to manufacture sealing material raw material. 
The same comprises further a process sandwiching the sealing 
material raw material into the sealing portion between the battery cell 
20 and the separator 15, a process heating the sealing portion up to 
temperatures from 350°C to 550°C, a process oxidizing the aluminum 

metal power in the same temperature range and a process burning the sealing portion in temperatures fro 
1,000°C to2,000°C. 
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CLAIMS 

*********************"****" 

[Claim(s)] 

[Claim 1] The cell eel which has the fuel electrode with which the field of another side of the air pole with which on 
field of a solid electrolyte and said solid electrolyte is equipped, and said solid electrolyte is equipped, In the solid 
oxide fuel cell which has the seal section which carries out the seal of the edge of the interface of the separator with 
which one [ at least ] field of said cell eel is countered and equipped, and said cell eel and said separator The solid 
oxide fuel cell to which said seal section uses an aluminum metal powder as a start raw material, and is characterized 
by having as a sealant sintering material with the superfines end of the alumina obtained by oxidizing said aluminum 
metal powder, and an oxide with the melting point higher than the operating temperature of said solid oxide fuel cell 
[Claim 2] The solid oxide fuel cell according to claim 1 whose superfines end of said oxide is the mean particle 
diameter of 0.2 micrometers or less. 

[Claim 3] The process which forms the seal section which carries out the seal of the edge of the interface of a cell ce 
and a separator The process which mixes an aluminum metal powder and the superfines end of oxide with the meltin 
point higher than the operating temperature of said solid oxide fuel cell, adds addition assistant ** and a binder, and 
produces a sealant raw material, In the process which puts said sealant raw material between said seal section betwee 
said cell eels and said separators, the process heated to the temperature of 350 degrees C - 550 degrees C while 
pressurizing said seal section, and said 350 degrees C - 550 degrees C temperature requirement The manufacture 
approach of the solid oxide fuel cell which has the process which oxidizes an aluminum metal powder, and the proce 
which calcinates said seal section at 1000 degrees C - 1200 degrees C. 

[Claim 4] The manufacture approach of a solid oxide fuel cell according to claim 3 that the superfines end of said ox 
is the mean particle diameter of 0.2 micrometers or less in the process which produces said sealant raw material. 
[Claim 5] The manufacture approach of the solid oxide fuel cell according to claim 3 or 4 characterized by using wh 
has the coefficient of thermal expansion not more than more than 9xlO-6/degree-Cl lxlO-6/degree C as super-powde 
of said oxide in the process which produces said sealant raw material. 

[Claim 6] The manufacture approach of a solid oxide fuel cell given in any 1 of claim 3 to claims 5 which use the 
powder which has the same principal component as the principal component of said solid electrolyte as super-powde 
of said oxide in the process which produces said sealant raw material. 

[Claim 7] The manufacture approach of a solid oxide fuel cell given in any 1 of claim 3 to claims 6 which make the 
mass ratio of said aluminum metal powder to the mixed powder of said aluminum metal powder and the superfines e 
of said oxide 20 - 30wt% in the process which produces said sealant raw material. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solid oxide fuel cell which has the description in the seal section 
a cell eel and a separator especially, and its manufacture approach about the solid oxide fuel cell which has plate mo 
structure. 
[0002] 

[Description of the Prior Art] The basic structure of a fuel cell consists of an electrolyte and two electrodes which 
sandwich the both sides. One side of these two electrodes is called a fuel electrode, and another side is called an air 
pole. Fuel gas, such as hydrogen gas, is supplied to a fuel electrode from the exterior, and oxidation gas, such as air, 
supplied to an air pole from the exterior. A fuel cell generates electrical energy by the electrochemical reaction of the 

gas. 

[0003] A fuel cell is classified into some classification according to the class of ingredient of the electrolyte to be use 
The oxide solid-state which has ion conductivity is used for a solid oxide fuel cell (SOFC) as an electrolyte. Since a 
high temperature service is required and there is in order for this oxide solid-state, i.e., a solid electrolyte, to show go 
ion conductivity, SOFC usually operates on 800 degrees C - 1200 degrees C temperature conditions. 
[0004] DrawingjS is the decomposition perspective view showing the example of a configuration of SOFC of a plate 
mold. The cell eel 101 consists of a tabular air pole 105 which is a base material, a solid electrolyte 104 formed on o 
field of an air pole 105, and a fuel electrode 103 further formed on the field. 

[0005] Although only the separator 102 of the single cell eel 101 and its both sides is shown in drawing 6 , in order t 
acquire usually more high electromotive force, through a separator 102, the laminating of two or more cell eels 101 i 
carried out, and they are used. Hereafter, when only calling it a "eel", structure including the cell eel 101 and a 
separator 102 shall be pointed out. 

[0006] In order to supply gas required for the electrode surface of the adjoining cell eel 101, the aeration slots 107 an 
108 are formed in both sides of a separator 102. Fuel gas, such as hydrogen gas, is supplied in the direction shown in 
the aeration slot 108 contiguous to a fuel electrode 103 by the arrow head, and air is supplied in the direction shown 
an arrow head in the aeration slot 107 which adjoins an air pole 105. 

[0007] In an air pole 105, oxygen ion is generated from the oxygen supplied. This oxygen ion reaches a fuel electrod 

103 through a solid electrolyte 104. In a fuel electrode 103, this oxygen ion and the hydrogen gas supplied to a fuel 
electrode 103 react, and an electron is generated. Water is also simultaneously generated as a by-product. 

[0008] A solid electrolyte 104 has high oxygen ion conductivity, and is the oxidation and the reducing atmosphere in 
the operating temperature of a 800 degrees C - 1200 degrees C cell, and it is needed that it is stability chemically. It 
combines, and does not have electronic conductivity but to be the ingredient which was excellent in airtightness so th 
it might not let gas pass is also desired. Generally, fully stabilized zirconia (YSZ) is chosen as an ingredient which 
fulfills such requirements. 

[0009] A fuel electrode 103 and an air pole 105 are porous bodies so that gas can invade to the interior. It is required 
for neither to have ion conductivity but to show high electronic conductivity. Moreover, the adjoining solid electroly 

104 and coefficient of thermal expansion are wanted to approximate. 

[0010] Since a fuel electrode 103 is put to hydrogen gas, it needs a chemically stable thing at elevated-temperature 
reducing atmosphere, and since an air pole 105 is put to air, it needs a chemically stable thing in a high-temperature- 
oxidation ambient atmosphere. 

[001 1] Generally, as a fuel electrode 103, the perovskite mold oxide which used lanthanum cobalt NETO (LaCo03) 
and lanthanum comics NETO (LaMn03) as the parent is chosen as air poles 105, such as nickel (nickel) and a cerme 
of YSZ, in many cases. 

[0012] Since a separator 102 has the aeration slot 108 on the hydrogen gas in one field in the aeration slot 107 on the 
air, and the field of another side, a chemically stable thing is needed by hot oxidation and reducing atmosphere. 



Airtightness is also required so that air and hydrogen gas leak and may not contact by the upper and lower sides 
mutually. Moreover, it is desirable for a cell eel and coefficient of thermal expansion to approximate. 
[0013] On the other hand, since a separator 102 also bears the duty as interconnector which connects two or more ce 
eels electrically, it is required that electronic conductivity should also be high. As what fulfills these conditions, a 
lanthanum chromite system oxide (LaCr03) etc. is used as a separator ingredient. 

[0014] As shown in drawing 6 , the seal sections 106 and 1 10 of a separator 102 and the cell eel 101 are formed in th 
both-sides edge of the aeration slots 107 and 108 of a separator 102. Airtightness is required of the seal section so th 
the hydrogen gas supplied to the aeration slots 107 and 108 may not leak to the eel exterior. 

[001 5] Usually, glass is used as a sealant. Band-like sheet glass is put on the seal section 106, and combination and a 
cellular structure object are made from this condition for the cell eel 101 and a separator 102. By heating more than t 
melting point of glass, putting a pressure from the upper and lower sides, the seal of the boundary section of a separa 
102 is carried out to the cell eel 101. As a class of this glass, way silica glass is used in many cases. 
[0016] 

[Problem(s) to be Solved by the Invention] Airtightness is required of the seal sections 106 and 1 10 of the cell eel 10 
and a separator 102. Since fuel gas, such as hydrogen, ignites by contact to the air of a small amount, the airtight 
maintenance with the especially high seal section 106 of the solid electrolyte 104 and separator 102 which have a fue 
electrode 103 on a front face is required. 

[0017] However, the melting point of the way silica glass conventionally used as a sealant is about 830 degrees C, an 
is in a melting condition in the operating temperature of SOFC. When the gas pressure of fuel gas and the pressure 
differential of the eel exterior which are supplied to the aeration slot 108 are small, there are few problems, but cell s 
is enlarged, and when the need of supplying fuel gas with high voltage comes out, there is risk of fuel gas leaking fro 
the seal section of a melting condition according to the difference of the gas pressure of eel inside and outside. 
[001 8] Although a sealant is in a melting condition at the time of actuation of SOFC, after termination of operation i 
solidified according to descent of eel temperature. That is, in the thermo cycle of a cell, a sealant goes a melting 
condition and a solidification condition back and forth. 

[0019] When a sealant is in a melting condition, the seal section serves as shock absorbing material of thermal stress 
rather in many cases. However, if eel temperature falls and a sealant solidifies, the difference of the coefficient of 
thermal expansion of a sealant and a sealant-ed will pose a problem. For example, the coefficient of thermal expansi 
of the way silica glass of a solidification condition has a coefficient of thermal expansion of the solid electrolyte 104 
which is a sealant-ed, and an air pole 105 as small as 3 - 4xl0-6/degree C to being about 10 - 1 1 x 1 0-6/degree C. For 
this reason, generating of the thermal stress resulting from the difference of the coefficient of thermal expansion of th 
cell eel 101 and a sealant may cause destruction of a cel. 

[0020] Moreover, in operating temperature, gas, such as Si and SiO, volatilizes from the way silica glass which uses 
Si02 as a principal component. These volatile constituents may form the fuel electrode 103 and compound which are 
nickel and the cermet of YSZ, and may cause degradation of a cell property. 

[0021] This invention is made in view of the above-mentioned problem, and aims at offering a cell eel, the solid oxid 
fuel cell which can improve the property of the seal section between separators, and its manufacture approach. 
[0022] 

[Means for Solving the Problem] The 1st description of the solid oxide fuel cell of this invention The cell eel which 
the fuel electrode with which the field of another side of the air pole with which one field of a solid electrolyte and s 
solid electrolyte is equipped, and said solid electrolyte is equipped, In the solid oxide fuel cell which has the seal 
section which carries out the seal of the edge of the interface of the separator with which one [ at least ] field of said 
cell eel is countered and equipped, and said cell eel and said separator It is having as a sealant sintering material with 
the superfines end of the alumina obtained when said seal section's used an aluminum metal powder as a start raw 
material and oxidized said aluminum metal powder, and an oxide with the melting point higher than the operating 
temperature of said solid oxide fuel cell. 

[0023] According to the 1st above-mentioned description, a sealant can maintain a solid state, without fusing in the 
operating temperature of a cell. Therefore, it is not influenced by pressures, such as fuel gas supplied in a cell, but 
airtight maintenance of the seal section becomes easy. It sinters in the temperature requirement below the operating 
temperature of a cell, and the seal of the seal section can be carried out the superfines end of an oxide. 
[0024] Furthermore, if the path in the superfines end of an oxide is set to 0.2 micrometers or less, the seal section can 
be made to sinter below with the operating temperature of a cell more certainly. 

[0025] The 1st description of the manufacture approach of the solid oxide fuel cell of this invention The process whi 
forms the seal section which carries out the seal of the edge of the interface of said cell eel and said separator The 
process which produces the sealant raw material which uses an aluminum metal powder and the superfines end of an 
oxide with the melting point higher than the operating temperature of said solid oxide fuel cell as a principal 
component, At said 350 degrees C - 550 degrees C with the process which puts said sealant raw material between sa 



seal section between said cell eels and said separators, and produces a cellular structure object, and the process heate 
to the temperature of 350 degrees C - 550 degrees C while pressurizing said seal section It is having the process whic 
oxidizes said aluminum metal powder, and the process which carries out application-of-pressure baking of said seal 
section at 1000 degrees C - 1200 degrees C. 

[0026] It softens, and the aluminum metal powder heated by 350 degrees C or more deforms comparatively easily by 
application of pressure, and fills the gap of the seal section with the 1st description of the above-mentioned 
manufacture approach. Moreover, if an aluminum metal powder oxidizes, it can maintain a solid state with the 
operating temperature of a cell, and will change to a stable aluminum oxide (alumina) chemically. 
[0027] Moreover, since reactivity is high, it can sinter in the temperature requirement which does not give property 
change to the component of a cell eel the superfines end of the oxide in a sealant. Since seal nature is secured accord 
to deformation of an aluminum metal powder at this time, even if the seal section does not apply high application of 
pressure especially in the case of sintering, it can obtain the high seal section of seal nature. 

[0028] Furthermore, if size in the superfines end of an oxide is set to 0.2 micrometers or less, the seal section can be 
made to sinter below with the operating temperature of a cell more certainly in the process which produces a sealant 
raw material. 

[0029] The 2nd description of the manufacture approach of the solid oxide fuel cell of this invention is using what ha 
the coefficient of thermal expansion not more than more than 9xlO-6/degree-Cl lxlO-6/degree C as said oxide powd 
in the process which produces said sealant raw material. 

[0030] According to the 2nd description of the above-mentioned manufacture approach, since the coefficient of therm 
expansion of a cell eel and a separator and the coefficient of thermal expansion of a sintered compact approximate, 
thermal stress generated in the seal section can be made small. 

[0031] The 3rd description of the manufacture approach of the solid oxide fuel cell of this invention is that a principa 
component uses what has the same ingredient as the principal component of said solid electrolyte as the superfines e 
of said oxide. 

[0032] According to the 3rd description of the above-mentioned manufacture approach, the coefficient of thermal 
expansion of the seal section can be made to approximate to the coefficient of thermal expansion of the component o 
cell eel more, and generating of the thermal stress in the seal section can be controlled. 

[0033] The 4th description of the manufacture approach of the solid oxide fuel cell of this invention is making the m 
ratio of said aluminum metal powder to the mixed powder of said aluminum metal powder and the superfines end of 
said oxide into 20wt% - 30wt% in the process which produces said sealant raw material. 
[0034] Generating of the thermal stress of the seal section can be controlled by gathering the mixed ratio in the 
superfines end of the oxide which controls the effect of the cubical expansion accompanying the change to an alumin 
from an aluminum metal powder, and the component and coefficient of thermal expansion of a cell eel approximate 
more according to the 4th description of the above-mentioned manufacture approach. 
[0035] 

[Embodiment of the Invention] The production process of the solid oxide fuel cell in the gestalt of operation of this 
invention is explained with reference to a drawing. First, the production process of a cell eel and a separator is 
explained using drawing 1 (A) - drawing 2 . 

[0036] The air pole 1 1 shown in drawing 1 (A) is produced in the following procedures. This air pole 1 1 serves as th 
base material of a cell cel. 

[0037] To the lanthanum strontium comics NETO (LaSrMn03) powder which has the crystal structure of the 
perovskite mold of 3-10 micrometers of mean diameters, 20wt(s)%, water is mixed so that it may become 10wt(s)% 
about binders, such as methyl cellulose, the whole is kneaded well, and it is made the shape of clay. Next, the raw 
material of the shape of this clay is extruded, and it processes tabular using the casting method. Simultaneously, the 
12 for sealant embedding is formed in one field of the air pole 1 1 . 

[0038] The plate obtained by the knockout casting method is calcinated in an atmospheric-air ambient atmosphere. 
Temperature is gradually raised at the rate of about 100 degrees C/hr. Moisture and a binder are evaporated in consta 
temperature the middle. Furthermore, temperature up is carried out to about 1300 degrees C - 1500 degrees C, and th 
temperature is maintained for about 5 hours. The air pole 1 1 which consists of a porosity sintered compact of 
LaSrMn03 is formed under this condition. Let sizes of the air pole 1 1 after sintering be 5cmx5cm and the thickness 
2mm. Let magnitude of the slot 12 for sealant embedding be a depth of 1mm, and width of face of 5mm. 
[0039] Next, as shown in drawing 1 (B), on the front face of an air pole 1 1, a low-pressure-plasma-spraying method 
used and the solid electrolyte 13 which consists of YSZ is formed. In this approach, the plasma is generated in a 
reduced pressure ambient atmosphere, and the powder of YSZ is fused with this plasma. Blasting and the about 100 
micrometers - 200 micrometers YSZ film are formed in air pole 1 1 front face for YSZ of this melting condition. In 
addition, as shown in this drawing, the wall of the slot 12 of the seal section is also covered with YSZ. By forming 
membranes in a reduced pressure ambient atmosphere, the solid electrolyte 13 which consists of precise YSZ film ca 
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be obtained. YSZ used here made 8-10-mol % of yttria (Y203) dissolve to a zirconia (Zr02) base material. 
[0040] As shown in drawing 1 (C), the fuel electrode 14 which consists of a cermet of nickel and YSZ of porosity w 
a thickness of about 50-200 micrometers is formed on the front face of a solid electrolyte 13 using an atmospheric 
pressure plasma metal spray method. 

[0041] An atmospheric pressure plasma metal spray method is the approach of forming the film by carrying out melt 
of the raw material fine particles by the plasma, and spraying the raw material of this melting condition on a substrat 
like a low-pressure-plasma-spraying method. However, compared with the case of a low-pressure-plasma-spraying 
method, the porosity film can be formed by making an ambient atmosphere pressure into atmospheric pressure. 
[0042] In addition, by equipping with a thin frame-like copper plate mask on a solid electrolyte 13, and performing 
thermal spraying, as shown in this drawing, the fuel electrode 14 which has abbreviation 3cmx3cm electrode surface 
size is formed only in the center section of the solid electrolyte 13. 

[0043] The cell eel 20 is formed through the process so far. Next, the separator 15 which it has on the cell eel 20 is 
produced by the following approaches. 

[0044] Like the production process of the air pole 1 1 explained previously, a binder is mixed with water to raw mate 
powder, what was made into the shape of clay by kneading is extruded and cast, and a separator 15 is produced after 
that through the process which calcinates this. 

[0045] As raw material powder, a lanthanum calcia chromite (LaCaCr03) with a mean particle diameter of 0.1-25 
micrometers is used. Water is made and a binder is made into 10wt(s)% 20wt(s)%. Burning-temperature conditions a 
made into 1400-1600-degree-C about 5 hours in atmospheric air. 

[0046] As shown in drawing 2 , while a separator 15 has the aeration slot 16 on the fuel gas in a fuel electrode 14 an 
the field which will counter, the heights inserted in the crevice of the slot 12 of the seal section of the cell eel 20 are 
formed. 

[0047] Next, the production process of the seal section of the cell eel 20 and separator 15 which are the description p 
of this invention is explained, referring to drawing 3 (A) - drawing 4 . 

[0048] First, the powder and aluminum metal powder of YSZ are mixed and the mixed powder used as the principal 
component of a sealant raw material is produced. As for a mixed mass ratio, an aluminum metal powder occupies 20 
30wt% of the whole. Here, particle size of the powder of YSZ is set to 0.2 micrometers or less preferably the mean 
particle diameter of 0.5 micrometers or less. In addition, suppose that the powder of such sizes is distinguished from 
the powder of size besides the end of superfines, and a call especially in this application. 

[0049] YSZ uses the thing which made 8-10mol% yttria (Y203) dissolve for a zirconia base material like a solid 
electrolyte. It is easy to be a commercial thing the superfines end of YSZ. Generally, there are many things which us 
the cohesive force which the powder itself has the superfines end of commercial, and two or more end of superfines 
was made to corn in the lump of the diameter of 5 micrometers - 10 micrometer. 

[0050] When the particle size of an aluminum metal powder is too small, reactivity is high, and since handling becom 
difficult, the thing of about 20 micrometers - about 30 micrometers diameter is used. 

[0051] In the above-mentioned mixed powder raw material, the methyl cellulose which is the water and the binder as 
addition assistant ** is mixed. A mixing ratio makes water and makes methyl cellulose 5wt(s)% 15wt(s)%. The who 
is kneaded well and it considers as the shape of clay. It extrudes maintaining below in ordinary temperature so that 
moisture and methyl cellulose may not evaporate, and a clay-like sealant raw material is cast in the shape of a rod us 
the casting method etc. 

[0052] The path and die length of a sealant raw material of the shape of this rod are suitably chosen according to the 
width of face and the depth of a slot 12. You may be what does not necessarily need to be cylindrical band-like. 
[0053] As shown in drawing 3 (A), the sealant raw material 17 is set in the slot 12 for sealant embedding formed on 
cell eel 20. In addition, drawing 4 shows this condition with a decomposition perspective view. 
[0054] As shown in drawing 3 (B), the cell eel 20 and a separator 15 are inserted in and the pressure is applied to the 
seal section from the upper and lower sides of a cel. Since the sealant raw material 1 7 is clay-like, it deforms into the 
configuration which suited the form of a slot 12 easily, and the bottom of a slot 12 is filled. 

[0055] Oxygen gas (02) or air is supplied to the aeration slot 16. The temperature of the whole eel is gradually raised 
with the programming rate of 50 degrees C/hr, applying a pressure to the seal section from the upper and lower sides 
a cel. In process of temperature up, temperature up evaporates a stop, moisture, and methyl cellulose at about 60 
degrees C and about 350 degrees C temporarily, respectively. Only the superfines end of an aluminum metal powder 
and YSZ is left behind to a sealant, and it is thought at this event that many gaps exist between each powder. 
[0056] Furthermore, temperature up is performed to about 400 degrees C, applying a pressure to the seal section from 
the upper and lower sides. Since an aluminum metal powder has the melting point at 660 degrees C which is 
comparatively low temperature, if the temperature of about 350 degrees C is exceeded, it softens gradually and it 
deforms with the pressure which joins the seal section. It is buried by the aluminum metal powder which the gap wh 
exists in the seal section deformed gradually according to this deformation. According to this process, the seal sectio 



can secure seal nature now. 

[0057] If eel temperature amounts to 400 degrees C, fixed time amount maintenance of the eel will be carried out at 
temperature. Since oxygen gas is supplied to the aeration slot 16, the aluminum metal powder which deformed throu 
the above-mentioned process oxidizes more nearly gradually than a front face, and changes to the alumina (aluminum 
203). In the meantime, the seal nature of the seal section is secured mostly. This temperature condition is maintained 
until all aluminum metal powders oxidize. For example, it is good to maintain this condition for about 5 hours. 
[0058] If an aluminum metal powder is mostly changed to an alumina, the gas passed into the aeration slot 16 will be 
changed from oxygen gas to nitrogen gas. The temperature of a eel is again raised with the programming rate of 50 
degrees C/hr gradually, with the condition maintained of having made the seal section pressurizing from the eel uppe 
and lower sides. 

[0059] If the temperature of the whole eel amounts to 1000 degrees C - 1200 degrees C, this temperature will be 
maintained for about 5 hours. The interface of comrades and the superfines end of YSZ, and an alumina sinters in the 
superfines end of YSZ which is the principal component of the sealant raw material 1 7. Since the seal nature of the s 
section is already secured mostly, even when the application of pressure to the seal section performed at the time of 
sintering is not so strong, the seal nature of the seal section after sintering is secured. 

[0060] Through the above process, the seal of the cell eel 20 and the separator 15 is carried out, and plate mold SOFC 
structure is made. 

[0061] At the seal process in the gestalt of above-mentioned operation, the description is in the point of using the 
superfines end of YSZ, and an aluminum metal powder as a sealant raw material. As mentioned above, it softens wit 
heating, and by being pressurized at the temperature of 350 degrees C - 550 degrees C, an aluminum metal powder 
deforms comparatively easily, fills the gap of the seal section, and raises the seal nature of the seal section. 
[0062] When it is going to form the high seal section of seal nature only by sintering in the superfines end of YSZ 
without mixing an aluminum metal powder in a sealant raw material, in a sintering process, it is necessary to pressur 
the seal section strongly. However, since the seal nature of the seal section is already mostly secured according to the 
deformation process of an aluminum metal powder like the gestalt of operation when mixing an aluminum metal 
powder, the application-of-pressure conditions at the time of sintering of YSZ can be eased. Namely, by mixing an 
aluminum metal powder in a sealant raw material, the seal section can be simpler and can secure seal nature now 
certainly. 

[0063] Moreover, by making it oxidize, the aluminum metal powder after deformation can maintain a solid state in a 
cell operating temperature limit, and can change it into a stable alumina chemically. In addition, although oxidation o 
an aluminum metal powder is advanced at the temperature of 400 degrees C in the gestalt of above-mentioned 
operation, the temperature at this time is beyond temperature to which oxidation of an aluminum metal advances, an 
should just be the range under of the melting point of an aluminum metal powder. Since an aluminum metal powder 
liquefies and it becomes impossible to maintain the structure of the seal section when the melting point is exceeded, 
is not desirable. Therefore, what is necessary will be just to be the temperature of the range of 350 degrees C - 550 
degrees C, for example. 

[0064] the gestalt of above-mentioned operation - an aluminum metal powder - sealant raw material fine particles - 
20 - 30wt% - although it is mixing, if the amount of aluminum is increased from this, the effect of the cubical - 
expansion accompanying the change to an alumina from aluminum will be large, and it will become easy to generate 
crack in the seal section. 

[0065] Moreover, if the mixed ratio in the superfines end of YSZ in sealant raw material fine particles is raised, the 
differential thermal expansion of the component of a eel and a sealant can be lessened. As for the amount of mixing 
the aluminum to sealant raw material fine particles, it is more desirable than these points to consider as the range oft 
gestalt of above-mentioned operation. 

[0066] On the other hand, since specific surface area is large, reactivity can be high and it can be made to sinter at lo 
temperature the superfines end of YSZ. For example, when using YSZ powder with a mean particle diameter of seve 
micrometers - about ten micrometers, sintering temperature conditions about 1400 degrees C or more are required, b 
if the end of superfines is used, sintering will become possible at 1000 degrees C - 1200 degrees C. 
[0067] When the temperature of a eel exceeds 1200 degrees C, there is risk of the component of a cell eel, especially 
fuel electrode showing property change, but as mentioned above, if the end of superfines is used, since it can sinter, 
YSZ can be made to be able to sinter in the range which does not affect a eel property, and the seal of the seal section 
can be carried out at the temperature of 1200 degrees C or less. 

[0068] Thus, at an elevated temperature, each seal section between the formed cell eel and a separator is formed by t 
alumina and YSZ which are a stable ceramic ingredient chemically, and can maintain a solid state in the operating 
temperature of a cell. Therefore, there is no fear of gas leaking from the seal section of a melting condition like [ at t 
time of using the conventional glass seal material ]. 

[0069] moreover, the ingredient with which both YSZ and an alumina constitute a cell eel - the same - or since it h 



the coefficient of thermal expansion to approximate, it is rare for thermal stress to occur in the seal section also by th 
thermo cycle accompanying cell actuation. 

[0070] Moreover, although volatile constituents, such as SiO and Si, might be generated with the operating temperat 
of a cell, these volatile constituents might react with the fuel electrode 14 and the cell operating characteristic might 
affected when the conventional glass seal material was used, there are few possibilities of producing such a volatile 
constituent from the seal section which consists of an alumina and YSZ like the gestalt of operation. 
[0071] In addition, as shown in drawing 4 , the seal section is formed on the solid electrolyte 13 which the solid 
electrolyte 13 had exposed to one field of the cell eel 20 which has a fuel electrode 14 in the shape of a frame, and 
exposed to it. Since the seal of the solid electrolyte 13 comrades is carried out to the separator 15 which both has 
precise structure, without minding the porous fuel electrode 14, the airtightness of the seal section can be raised with 
this structure. 

[0072] The burning temperature of the sealant of the gestalt of operation is 1000 degrees C - 1200 degrees C, and is 
within the limits of the operating temperature of the usual SOFC so that it may mention above. Therefore, it can finis 
setting up the cell eel 20 and a separator 15, the same cellular structure object as actual operating state can be formed 
and a sealant can be sintered only by adjustment of distributed gas and temperature-up conditions. After sintering of 
sealant, if the gas supplied to the aeration slot 16 is transposed to hydrogen gas from nitrogen gas, it can also change 
cell actuation as it is. 

[0073] In addition, although not illustrated, a seal with the separator which meets an air pole 1 1 and it simultaneousl 
can also be performed using the approach mentioned above. In this case, the same slot for sealant embedding as **** 
made in the seal section of a separator, and the clay-like sealant raw material which extruded in the shape of a rod 
there, and was cast there is set to it. In addition, what is necessary is just to supply air to the aeration slot which adjoi 
an air pole 1 1 during baking of a sealant raw material. 

[0074] Above, the gestalt of implementation of the production approach of SOFC of this invention was explained. 
Drawing 5 is the perspective view of SOFC which carried out the laminating of two or more cell eels produced using 
the approach of the gestalt this operation. The laminating of the two cell eels 21 and 22 is carried out through the 
separator 23. On the separator 24 on the cell eel 22, a cell eel can also be accumulated further. Each cell eel and a 
separator are the sealants 18 which consist of an alumina and a sintered compact in the superfines end of YSZ, and th 
seal of the interface of the both-sides edge of an aeration slot is carried out. 

[0075] As mentioned above, although this invention was explained in accordance with the gestalt of operation, this 
invention is not restricted to these. For example, the class after superfines mixed with an aluminum metal powder is 
restricted to YSZ. What is necessary will be to have the melting point higher than the temperature of 1000 degrees C 
1200 degrees C, and just to be a stable oxide chemically so that it may have the ingredient which constitutes a cell ce 
and the thermal expansion to approximate and a solid state can be maintained with the operating temperature of a eel 
In this case, as a coefficient of thermal expansion, if it can do, it is more desirable than an alumina to have the 
coefficient of thermal expansion near YSZ which is a solid electrolyte ingredient more, for example, the coefficient o 
thermal expansion not more than more than 9xl0-6/degree-Cllxl0-6/degree C. 

[0076] The cell eel shown in the gestalt of operation, the ingredient of a separator, the production approach, and each 

size are not restricted to these, for example, everything but the spraying process which mentioned the solid electrolyt 

13 above -- electrochemistry vacuum evaporationo (EVD) — law and slurry method can also be used. 

[0077] Field size of a cell eel may be enlarged further. It is good also considering the aeration slot with which a 

separator is equipped as plurality so that gas may be supplied to homogeneity at each electrode. Moreover, the slot fo 

embedding of the sealant raw material formed in the air pole is not necessarily needed. 

[0078] 

[Effect of the Invention] Airtight maintenance of the seal section becomes easy, without being influenced by pressur 
such as fuel gas, since a solid state can be maintained also in operating temperature according to the solid oxide fuel 
cell of this invention, without a sealant fusing as explained above. 

[0079] In operating state, since the seal section is chemically stable, it is rare to induce property degradation of a cell 
eel component. 

[0080] Moreover, when coefficient of thermal expansion chooses the component of a cell eel, and the sealant to 
approximate, generating of the thermal stress in the seal section can be controlled, and the endurance of the cell to th 
thermo cycle of a cell can be raised. 

[0081] According to the manufacture approach of the solid oxide fuel cell of this invention, it becomes more certainl 
securable [ the seal nature of the seal section ] at a simpler process by mixing an aluminium powder in a seal raw 
material by the temperature conditions which do not have an adverse effect on a cell property. 



[Translation done.] 



